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ThE  PSYCHOLOGY  OP  MAN,  AND  I'ECHIUCAL  PROGRESS 


-  USSR  - 


[Following  is-  a  translation  of  an  article  by 
A,  N.  Leont 'yev  and  D.  Yu.  Panov  in  the  Russian- 
language  neriodical  Voprosy  Fllosofii  (Problems 
of  Philosophy),  No  8’,  19<?'2,"'  psige s""5^u^,2, ] 


The  guiding  prospect  and  ideal  of  the  building  of 
Communism  is-  man.  "Everything  in  the  name  of  man,  every¬ 
thing  for  the  sake  of  man"  — 'this  diction  in  the  CPiSU 
Program,  revealing  the  inner  motive  of  the  history  making 
progress  of  our  society,  also  constitutes  the  primary 
guideline  in  development  of  science.  In  prartlcuiar,  a 
new  development  impetus  is  imparted  to  the  sciences 
concerned  with  a  direct  study  of  man  as  such,  and  among 
them  of  steadily  increasing  importance  are  becoming  the 
sciences  dealing  with  the  )iftos.t  complex  manifestations  of 
man’s  vital  activity  —  psyc?/ialogy  and  physiology  of 
higher  nervous  activity. 

An  attempt  to  approach  some  theoretical  problems 
of  psychology  arising  in  connection  with  prospective 
developments  of  the  principal  activity  of  man  —  its 
work  activity,  which  effectuates  the  process  of  material 
production,  is  precisely  the  topic  of  the  present  report, 

i 


In  the  course  of  Work,  in  the  directly  productive 
activity,  takes  place  the  initial  formation  of  the  form 
of  psychic  reflection  which  is  specifically  inherent  in 
man  —  of  its  intellect,  Th'us,  work  constitutes  the 
initial  decisive  factor,  as  well  as  the  erabcxliment  of 
spiritual,  psychic  development  of  people.  It  is  in  this 
sense  that  K,  Marx  refers  to  the  hi.story  of  industry  as 
an  "open  book"  in  which  is  perceptibly  revealed  to  us  the 
j  hxxman  psychology  (see  Iz  Raruiikh  Proizvedenly  [t:-elected 
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Isarly  Vlorks]*  ^  * 

l‘he  pre-Marxian,  science  of  psychology  was  nnable  to 
read  this  book*  The  divorce  of  mental  work  from  physical, 
which  induced  spii’itual  withering  of  physical  work,  was  rb” 
fleeted  in  psychology  by  the  fact  that  the  scope  of  Its 
study  v/as  eonfined  exclusively ■  to  the  domain  of  purely 
mental  activity , '^■i'ithout  inne^'  conn.ection  of  the  latter 
with  work,  with  the  development  of  social  production, 

Work  In  i'ts  basic  form,  in  the  form  of  production  of  the 
material  values,  was  considered  only  from  the  standpoint 
of  its  purely  external  relationship  to  man.  Man,  tsiking 
part  in  production  processes  controlleTl  by  material, 
Xiiechanical  laws,  vras  considered  oi'ily  in  one  of  its  aspects 
--'as  subordinate  in  his  work' activity  to  these  laws. 

There  fore,  to  the  end  of  the  past  century  the 
psychology  did  not  study  at  all  man  as  an  individual  of 
Eatex-’lal  production.  Psychology  of  labor  did  not  exist. 
Although  t-inder  the  conditions  of  mechanical  production 
of  that  time  the  labor  acti’/ity  of  a  worker  was  reduced 
mainly  to  a  perforxaance  of  monotonously  recurrent  external 
motive  operations,  the  steadily  more  urgent  necessity  of 
intensifying  the  work  brought  to  the  fore  the  problem 
cf  xoaz.imal  increase  of  efficacy  and  coordination  of  the 
functions  performed  by  W’'rker  and  .machine.  In  response  to 
‘this  problem  arose  the  so-called  Taylorism  and  industrial 
psychotechnology.  They  xmdertook  the  study  of  such  problems 
as  the  possible'  tightening  of  work  schedule  by  elimiimtion 
of  superfluous  motions  and  greater  work  proficiency,  the 
determination  of  most  convenient  shape  and  dimensions 
of  handies  of!  maxaually  operated  tools  and  machines,  the 
mox’e  efficient  arranghment  of  operator's  stands,  and  the 
like.  Concurrently 5  work  was  in’ progx’ess ,  on  a  steadily 
increasing  scale,  on  selection  of  workers  on  the  basis 
of  their  skill,  which  'was  alBied  at  recruiting,  for  pro-' 
duct  ion  'Work,  from  the  available  reserve  of  labor  force, 
the  people  best  suited  for  perfci*mance  of  the  required 
or k  functions,  that  is  of  people  the  exploitation  of 
whom  would,  yield  the  greatest  gains  to  the  employer. 

In  assessing  the  Taylor  -system  (and  this  appraisal 
may  be  legitimately  extended  to  include  tiie  psychotech¬ 
nology  prevalent  abroad,  at  that  time’),  ¥.  I,  L-sniri  ex¬ 
pounded' its  dual  nature, 'Ke  wrote  that  the  Taylor  system 
*''ccm,binos  the  refined  atrocity  of  bvourgeoisle  exploi¬ 
tation  and  a  number  of  gi-eatest  scientific  achievements 
in  analysiss  of  .mechanical  motions  during  work,  eiimi- 
naticn  of  superfluous  and  aw'kw'ai’d  motions,  development  of 
best  v/ork  practices,  main.tenance  <of  best  systems  of  ac¬ 


counting  and  supervision. 


etc." 


page  229). 


(Collected  Works,  Vol  2?, 
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An  essentially  entirely  novel  stage  of  devel 
work  psychology,  notwithstanding  its  sequential 
nection  with  the  former  psychotechnology,  was  initiated  by 
the  so-called  engineering  psychology  (or  "human  engineering", 
,  ergonomics),  which  developed  in  its  present-day  form  after 
the  Second  World  War.  The  decisive  role  in  the  evolvement 
of  engineering  psychology  was  played  by  rapid  development 
of  complex  technical  equipment  in  industry,  aviation  and 
other  forms  of  transport  and  coEj:iiUR.ications ,  and  also  by 
the  rapid  development  of  electronics,  cybernetics,  and 
information  theory. 

,  The  teclmlcal  progress  has  revealed  with  particular 

emphasis  the  importance  of  the  "man  and  machines"  problem. 

It  has  Imnarted'a  new  meaning  to  this  pro'b3.em.  ^Whiie  ujider 
the  past  conditions  the  questions  of  matching  the  work  of 
,  man  and  machine  could  in  most  instances  be  resolved  on  the 

common  sense  basis  and  required  determination  of  relatively 
»  elementary  anthropometric  data,  and  some  selection  on  the 

basis  of  skill,  imder  the  conditions  of  employment  of  a 
complex  equimnent  the  resolution  of  these  questions  was 
foxmd  to  be  Impossible  without  special  studies.  Already 
during  the  war  years  the  operation  engineers  and  tech¬ 
nicians  encountered  a  number  of  unusual,  not  readily 
explainable  errors  committed  by  military  personnel  while 
using  military  machines  and  mechanisms.  To  determine  the 
causes  of  the  occurrence  of  these  errors,  and  in  the 
search  for  means  of  eliminate  them,  resort  was  had  to 
psychology.  It  was  in  this  manner  that  it  was  ascertained 
that  complex  equipment  often  taxes  man  with  such  demands  ■ 
that  the  satisfying  of  them  necessitates  a  profound  study 
of  man's  capabilities,  in  order  to  bring  them  in  harmony 
X'flth  the  capabilities  of  the  machines.  The  working  out 
of  these  problems  was  the  most  important  tenor  of  the 
engineering  psychology. 

As  a  result  of  advances  in  production  mechanization, 
which  have  made  it  possible  to  relegate  to  the  machines 
the  overwhelming  part  of  motive  operations  formerly  per¬ 
formed  by  workers  and  constituting  the  main,  most  clearly 
»  manifested  portion  of  their  work  activity,  of  foremost 

importance  became  the  inner,  psychic  fun-ctions,  primarily 
the  sensory  functions.  While  the  "execution  part"  of  the 
;s’ork  processes  underwent  sirriplification,  the  processes  of 
perception,  and  processing  of  perceived  data,  became 
steadily  more  complex  and  "load-carrying".  This  led  to 
the  momerous  studies  of  man's  perception,  aimed  at  an 
amelioration  of  instrument  readirig  scales,  their  mutual 
arrangement  on  Indicating  panels,  etc. 

Although  these  investigations  had  primarily  narrow, 

I  applicatory  objectives,  their  general  psychological, 


opment  { 
con-  * 


(theoretical  signifieanee  soon,  became  appa-rerit.  It  was  foiinsu 
first  of  all,  that  the  previous  appi’-oach  to  perception  ^ 
processes,  and  the  very  coiieepts  relied  upon,  to  define 
them,  are  inadequate  for  encompassing  the* new  and  oemetimea 
unexpectad  results  \/hich  were  obtained  In  these  studies. 
There  arose,  for  e.xamplej,  the  problem  of  quantitative 
evaluation  of  the  volume  of  perception  by  man  of  the 
various  signals  inccaming  to  him.  Since  this  problem  could 
not  resolved  by  a  simple  computation  of  the  nmber  of 
stimu3.1  signals  effectively  perceived  p€»r  unit  of  time,  the 
necessity,  arose  to  resort  to  methods  develoijed  in  the 
information  theory  for  solving  analogous  problems  In  the 
teclmlcal  communication  systems.  Together  with  iiitroduction 
into  psychology  of  information- theory  measurements,  which 
■determine  the  probability? of  occurrence  of  any  given 
signal,  the  statistical  (probability)  approach  became  a 
widely ‘utilized  praotice  also  in  the  investigations  aimed 
at  elucidation  of  the  very  nature  of  perception  processes, 

A  still  more  important  ro.le  was  played  by  the  fact 
that  .new  foundations  were  provided  for  the  standpoint  of 
regarding  perception  as  a  relatively  independent  process, 
constituting  not  merely  the  initial  .link  of  a  reflectory 
event,  but  a  complex  and  relatively  "coavpleted''  functional 
system  which  comprises  numerous  central  and  efferent  links, 

.  a  system  having  its  owji  s-pecific  regulation  and  its  own 
Specific  product  in  the  form  of  an  integral  .imago  of  the 
object  aat.ively  differentiated  within  the  ■external  field, 
or  in  the  form  of  an  also  actively  differentiated  .separate 
parameter  of  any  given  Influencing  complex, 

Inseverably  frc®  the  problem  concern.'hvg  the  amount 


of  information  received,  arose  the  problem  of  study  of 
the  processes  of  its  handling  by  man,  which  were  foun.d  to 
approximate  In  their  complexity  the  most*  subtle  processes 
ever  investigated  in  psychology.  It  is  sufficient  to 
refer,  for  example,  to  the  data  of  investigation  of  the 
various-  strategies  the  employ^nt  of  which  is  necessary 
for  the  recognition  and  classification  of  complex  per¬ 
ceived  objects. 

Thus  1ii6  development  of  investigations  in  the 
field  of  engineering  psychology  broiight  out  a  most  im¬ 
portant  fact:  the  more  the  work  functions  were  oonvcrtad 
to  the  fmction  of  control  of  the  machines,  the  more 
fully  became  apparent  their  psychological  cognition 
tenor j  and  the  more  wa,s  revealed,  behind  the  outward 
motion  acts  psrl'ormed  by  the  worker-operator,  the  huge 
and  often  very  intensive  inner  mental  work  effected  by 
him. 


One  should  not  assume,  of  covtrse,  that  the  above 
j  stated  a.lterat.ion  of  the  function-s  performed  by  the  worker  | 


f 


v» 
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[Tn  tiroduction,  imparted  for  t’he  fii’st  time  a  psjrchologl 
tenor  to  work  processes.  It  merely  revealed  the  psychol 
gical  tenor  Inherent  in  any  work  process,  Lven  the  most 
simple  acts  of  work,  consisting  of  repeated  outward  motions, 
have  a  complex  physiological  and  psychological  regulation. 


The  analysis  of  the  content  of  current  engineering- 


psychology  Investigations  permits  to  differentiate  still 


another,  third  stage  in  the  studies  of  man's  work  functions. 
Although  the  problems  which  are  characteristic  of  this 


stage  arose  already  during  the  period  when  engineering 
psychology  was  only  in  a  state  of  forroatlon,  and  it  is 
difficult  to  indicate  chronologically  its  beginning,  in 
its  fully  developed  form  it  is  outlined  v;lth  sufficient 
clarity.  This  is  the  stage  of  resolution  of  the  problems 


which  confronted  psychology  on  further  advances  of  the 


automation  of  production. 

The  creation  of  complex  technical  systems  of  fauto- 
matic  control  was  of  the  nature  of  a  shift  of  the  boundary 


v;hich  separates  the  functions  of  man  and  machine.  Such 
functions,  for  example,  as  recognition  of  objects,  working 
out  of  optimal  solutions  of  operational  problems,  etc,, 
were  consigned  mcu'©  And  more  to  the  machines.  As  a  result 
the  problem  of  correlation  of  the  fuinctions  of  man  and 
machine  moved  to  another,  still  higher  level*  it  was  found 
that  it  was  necessary  to  bring  in  agreement  the  higher 
psychic  functions  of  man  and  the  fxinctions,  analogous  to 
them,  performed  by  automatic  devices.  This,  of  course, 
intr<5duced  new  problems  not  only  in  psychology  of  work, 
but  also  in  the  general  theory  of  psychology.  We  will 
consider  only  some  'oi  these  problems. 
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Complex,  semiautomatic  systems  of  control  are  based 
on  the  principle  of  a  dlscribution  of  fumctlons  betv/een 
man  and  the  technical  cybernetic  devices  which  effect  an 
activity  comparable  to  the  higher  nervous j  psychic 
activity.  For  a.  matching.,  under  these  conditions,  of  the 
work  of  both  "units"  of  such  a  system  (operators  and 
machines)  the  study  of  particular  characteristics  of  man, 
for  example  of  his  carrying  capacity  or  interference  re¬ 
sistance,  was  no  longer  sufficient.  The  necessity  arose 
to  ascertain  the  structure  and  inner  mechanisms  of  his 
psychic  activity,  in  order  to  make  it  possible  to  carry 
but  technical  simulation  of  those  processes  which  it  is 
best  to  consign  to  the  machine.  On  the  one  hand,  the 
propo.Sed  independent  basic  diagrams  of  the  automats  being 
designed  required  an  analysis  from  the  standpoint  of  their 
eauallty  to  that  psychic  activity  of  man  which  they  are 


[hypothetically  simulating,  and  with  which  they  should 
into  a  single  system.  On  the  other  hand,  such  a  hypothetic 
simulation  becomes  a  method  of  investigation  of  the  spe¬ 
cific  nature  of  the'  psychic  activity  as  stich,  by  means  of 
a  comparison  of  Its.  capabilities  with  the  capabilities  of  . 
technical  simulators. 

The  accmulated.  experience  with  technical  siirjulation 
of  psychic  functions  permits  at-  present  to  ascertain  with 
sufficient  clarity  the  existence'  of  serious  mismatch  betvRen 
capabilities  of  man  and  capabilities  of  modern,  acfaally 
existing  automatic  machines'.  This  mismatch  should  not,  by 
any  means,  be  obscured  by  a.  reference  to  the  theoretical 
prospect,  so  to  speak,  of ' exhaustive  mathematical  and 
teclmical  simulation  of  all  vital  manifestations,-  in-, 
eluding  also  the  psychic  manifestations.  On  the  contrary, 

..^,t  is  precisej.y  from  the  standpoint  of  this  prospect  that 
the  discovery  of  such  a  mismatch  is  of  greatest  heuristic 
importa.nce  to  cybernetics  as  well  as  psychology. 

It  Is  well-known  that  to  date  there  have  been  de¬ 
veloped  "perceiving  aritomats",.  Such  are,  for  instance,  the 
poTceptrons  ("Mark  11“  and  others) ,, matrices  of  K.  Shteyn- 
bukh,'  reading  machines,  vocoders,  and  other  devices. 
However,  they  are  actually  recognlxing  machines,,  capable 
of  recognizing  a  definite  class  of  ob;5ecta,  vdilch  were 
fed  into  them  during  the  process,  of  their  “training"  or 
“self-training".  There  are  as  yet  no  machines  capable  of 
actual,  visual  perception  of  objects.  Modern  psyehoioglcal 
studies  have  show  that  the  structure  of  the  process  of 
perception  of  objects  includes,  in  addition  to  other  oper¬ 
ations,  as  its  principal  link,  the  operations  of  active 
dlT?ferantiatlon  in  the  object  of  its  -sensory  content 
(shapes,  fact^ires,  colors,  etc.)  necessary  for  the  purpose 
of  perception.  It  is  precisely  the  process  of  differenti¬ 
ation  of  this  most  “Informative"  content,  that  is  not  - 
effected  by  the  modern  automats. 

Sven  such  specialized  operations  as  the  reading 
of  a  lettered  text  is  effected  by  the  presently  available 
machines,  so  far,  in  a  manner  that  is  not  perfect.  It  is 
sufficient  to  mention  that  the  occur.rence  of  interferences 
in  the  presence  of  which  the  perception  of  a  text  by  a 
man  is  practically  fully  retained.,  renders  recognition 
of  the  letters  by  the  machine  almost  impossible ,- ^a.rtlett 
has  pointed  out  that  man  can  read  a  text  when  the  lower 
half  of  the  lines  is  completely. covered  or  removed j  a 
task  which  is  so  far  jaupossible  to  the.  recognizing  ma¬ 
chines.  This  capability  of  a  man  is  due  to  the  fact  that  in 
a  reading  person  the ' inadequate  ■information  contained  in 
the  Incomplete  graphic  representation  of  the  letters  Is 
combined  with  vast  excess  inforaatioh  contained  in  the  I 


fmeaning  contei'it  of  the  text* 

Thus^  at  first  sight,  we  have  a  paradoxal  situation. 
Man's  perception  is  characterized  by  the  fact  that  it  is 
capable  of  functioning  with  inadequate  informative  signs 
•  contained  in  the  object;  at  the  same  time  it  is  capable  of 
utilising  a  vast  information  which,  however,  is  not  di¬ 
rectly  coded  in  the  signs  of  the  objects.  This  is,  precisely 
the  explanation  of  the  occurence  of  such  effects  as  the 
adequate  perception  by  man  of  double-meaning  images;  the, 
"solving"  of  puzzle-pictiores  v/ithout  prior  knowledge  of 
any  signs  of  the  object  concealed  in  the  picture,  etc. 

It  is  obvious  that  the,  basic  sdieme  of  the  perception 
processes  performed  by  man  and.  by  modern  machines  are 
not  coinciding  with  one  another. 

This  is  completely  evident,  in  particular,  in  the 
case  of  reading  of  a  text.  The  available  data  show  that 
the  eye  of  the  reader  does  not  come  to  a  stop  at  each 
letter,  but  only  at  one  out  of  four  t.o  six  letters;  in 
this  displacement  the  eye  effects  nmerous  inversions  of 
the  text,  that  is,  the  .gaze  comes  to  a  rest  at  first  on, 
let  us  say,  the  third  word  of  the  line,  from  the  left; 
then  it  moves  to  the  beginning  of  the  line;  then  moves 
forward,  that  is,  to  the  right;  then  moves  again  .in  the 
backward  direction,  and  so  on.  This  is  entirely  different 
from  the  manner  in’ which  the  analogous  process  takes 
place  in  the  machines. 

Even  the  foregoing  curs.'ory  comparisons  of  the  capa¬ 
bilities  and  methods  of  perception  by  man  and  by  modern 
machines,  permit  to  reach  the  conclusion  that  the  schemes 
of  the  latter  do  not  adequately  simulate  the  corresponding 
processes  occurring  in  human  brain.  These  schemes  depart 
from  the  psychological  fact  that  the  specific  product  o.f 
human  perception  is  the  image  of  the  object,  and  not  the 
code  of  its  signs  used  in  the  solution  of  a  definite 
problem.  Is  it  legitimate  to  make  such  a  distinction 
between  the  image  of  an  object  and  the  code  of  its  signs  *? 
We  believe  that  it  is  not  only  legitimate,  but  absolutely 
necessary,  even  on  leaving  out  of  consideration,  for  the 
time  being,  the  importance  of  this  distinction  from  the 
standpoint  of  theoretical  cognition. 

The  gist  of  the  matter  is,  that  the  principle  of 
signalization,  wh.ich  is  the  basis  of  any  code,  even 
though  it  is  at  the  same  time  the  principle  of  reflection, 
is'  not  however  its  only  principle.  The  image  as  a  result,' 
as  a  subjective  product  of  perceptiGn  (we  mean  an  image 
in  the  broad  meaning  of  the  term),  can  be  transmitted' by 
a  code,  but  the  image  itself  is  .not  a  sign,  not  a  con¬ 
ventional,  not  a  hieroglyphic  transmittal  of  the  real 
j^hlng,  but  its  reflection,  comparable  in  its  fullness  with  | 
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the  real  thing  being  rt-.il'-dbted. 


ora  in-recreated 


reality  --  past,  present,  or  apnearing  as  prospective,  as  ' 
an  aim  --  be  cosies  the  inner,,  ideal  '‘operarcr*’'  o'f  man's 
activity,  including  the  avctivity  of  the  perception.  If  this 
refers  to  conscious  representation,  the.n  it  can  also  he 
the  ob;ieet,  and  at  the  same  time  -the  result  of  inner  merital, 
■purposeful  actions  of  man;  man  is  mentally  comparing  and 
combining  v/ith  one  another,  or  dissociating,  the  represented 
objects,  modifyi.ng  them  in 'accordance  vith  the  problem,  that 
c  on  X  r  ont  s  h  im , 

The  .mental  actions  .thus  accomplished  are  indeed 
actions,  having  the  same  fundariental  structure  as  the 
outward  objectival  actions,  a  der-ivate  of  which  they  are. 
They  are  also  "closed'*  by.  a  link,  which  is  the  objectival 
reality,  -with  only  this  difference  that  in  suc.h  a  case  -it 
appears  in  its  x-e fleeted,  "cop.led"  form,  and  is  therexfere  ; 
incapable  of  physical  resistance  to  action  and  of  outv/ard,  •.-• 
Go.mpulsory  correction  of  it.  For  that  vep/ rea.son,  inc.l- 
de-ntally,  tixe  result  of  inner  actions  requires  a  vex^ifi- 
cation  by  practice. 

It  .is  evident  that  the  physiological  mechanism  of 
this  psychological  reality  can  be  only  the  reflectory 
processes  of  the  brain,  'which  form  a.  sti"o.cture  that  is 
also  "closed"  by  objectival  reality.  Such  are  the 
strxxctures  described  in  the  concepts  of  inverse  afferonce 
at  ocjectiva,!  level  (sensorial  sprnth.eses ,  acceptant 
actions  of  P.  K,  Anokhixi) . 

Tiie  existing  automats  reprodixce  the  general  scheme 
of  these  structures.  It  is  another  question,  a.s  to  whether 
into  this  scheme  can  be  introduced  a  cybernetic  simulator 
of  such  an  ideal  operator  which  is  capable  to  mani'fest 
it.5elf  r-olsctively  in  every  instance  (that  is,  depending 
on  txie  "context"  meaning),  as  is  provided  by  the  image. 

In  .any  event  this  reo/uires  a  much  acre  thorough  'kixowledge 
of  the  St .’■'ucturo  of  the  processes  of  human,  perception, 
than  the  available  knov/ledge ,  hnccirraging  is  the  fact  that 
.at  u.resfcxxt  .serious  efforts' are  be.ing,  mcide ,  unive.r. sally, 


.on  of  ;?.,n  objectiv? 


and  a  nianber  of  very  productrive  'hynothe.; 


in  t.':-e  a  ire'', 
pr  ocooseu 

are  being  aavance i , 
substantial  aavances  be 

in  ti'i-a  near  future . 

hot  less  Inst  r'uctive  , 
significance  j  is  a  comuarisoi. 
rne!:;o!.’y  of  a  machine, 

Simiplation  of  rucmory  y 


of  these 


I't  may  oe 
ichieveci  u. 


assume'!  that 
.ong  these  lines 


of  huBxaxi  memorv  v: 
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greatest  practica 


■'£  suits.  Kcdern  machines  l:*.ave  a 
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riration, 
within  tf 


very  high  rate  of  y:ie,mo- 
ir<:  capable  of  storing  for  a.ny  length  of  time, 
ri-actically  neede  d  lipiits ,  the  retained 
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material  (the  so-called  "long-time  Kaacry")  and  repro-  j 
ducing  it  with  .flawless  accuracy.  Finally,  they  have  also  ' 
a  siifficiently  large  volume  of  memory  —  up  to  108  binary 
units. 

It  is  remarkable,  however,  that  all  this  notwith¬ 
standing,  .in  the  procedure  by  which  machine  memory  is 
operating,  and  consequently  in  its  fmctional  capabilities, 
it  is.  still  less  similar  to  memory  of  man  than  machine 
perception  is  to'  human  perception.  The  gist  of  the  matter 
is,  that  machine  memory’ simulates  only  a  particular  mecha¬ 
nism  thereof,  namely  the  mechanism  of  .formation  of  engrams, 
that  is,  of  traces  capable  of  reproduction.  This  mecha- • 
nism  constitutes  an  Indispensable  condition  of  operation 
of  hianan  memory,  but  the  principle  of  operation  of  human 
memory  is  the  principle  of  sensible  memorising  and  I'epro- 
duction.  Only  in  isolated,  most  exceptional  Instances, 
the  mechanism  of  engrammlng  becomes  foremost  in  memory, 
and  it  is  precisely  in  such  instances  that  are  revealed 
most  evidently  all  of  its  limitations  and  even  its  "\m- 
natural  character"  insofar  as  man  is  concerned. 

To  give  a  striking  illustration  of  this,  we  will 
describe  a  peculiar  experiment  performed  by  one  of  us 
several  years  ago.  It  was  carried  out  in  corijmction  with 
a  lecture  on  memory,  delivered  to  an  audience  of  advanced 
training,  at ‘which  were  demonstrated  the  most  imusual 
mnemonic  faculties  of  S.  V,  Shereshevskiy,  which  have  been 
described  many  a  time  in  psychological  litterature.  The 
experiment,  with  which  we  are  concerned,  was  as  follows. 
After  a  long  series  of  random  words  had  been  read  aloud, 
once,  to  S.  V,  Shereshevskiy.  and  was  repeated  by  him, 
without  an  error,  according  io  a  specific  program  (from 
beginning  to  the  end  of  the  series}  then  from  the  end  to 
the  beginning  of  the  s©r.tes}  then  from  '%he  middle  of  the 
series,  alternately,  to  the  beginning  and,  to  the  end,  etc.) 
the  following  problem  was  given  to  S,  V,  Shereshevskiy 
and  at  the  same  time  to  the  entire  audience.  It  was 


required  to  find  an  answer  to  a  question  concerning  one 
word  of  the  series;  It  was  agreed  that  Shereshevskiy  v/ill 
answer  the  question  aloud,  while  every  member  of  the 
audience  who  has  mentally  determined  the  necessary  answer, 
will  immediately  raise  his  hand  in  silence.  Thereafter 
the  foliov/ing  question  was  asked.  V&ich  o'l"  the  words  of 
the  .series  submitted  for  memorizing,  and  then  repeated 
without  an  error,  means  an  infectious  dirf^fease  ?  (The 
word  in  question  was  "typhus".)' 

This  6.xp6riment  had  the  follov.i'lng  result.  Immedi¬ 
ately  after  the  last  two  words  of  the , submitted  question 
had  been  spoken,  many  hands  were  raised  In  the  audience ,  ■ 
At  the  same  time  it  could  be  seen  v;lth  vrhat  an  effort  the 
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answer  was  sought  for  by  ohereshevskiy:  with  eyes  shut, 
with  characteristic  motions  of  the  hialf  extended  hands , 
as  if  groping  through,  the  words  of  the  series,  etc.  Only 
after  many  seconds  had  elapsedj  was  the  word.  i*typhnis“ 
spoken  out.  Later  on,  Shereshevskiy  told  that  he  had 
mentally  gone  over  the- series  of  words,  but,  Its.  a  hurry, 
had  missed  the  needed  word  on  first  attempt,  and  had  to  go 
over  the  series  a  second  time. 

The  ''machine'*  principle  of.. memory,  which  under  the 
conditions  of  this  demonstration  v^as  relied  iipon  by- Shere- 
shevskiy,  revealed  roost  strikihgly  its  llraitations  in 
corriparison  with  the  meaning  principle  of  operation,  speci¬ 
fic  of  a  norraal  hman  memory,  which  evidently  is  also 
controlled  by  -fchat  ideal  "operator''  which  is  the  image. 

Still  more  complex  is  the  prob.lem  of  simulation  of 
thinking.  }lere  we  come  upon  the  fact  that  the  originators 
of  machines,  in  some  cases,  visualise  the  processes  of 
hrman  tliinking  in.  an  insufficiently  complete  manner.  For 
example,  'bhe  operative  definition  of  thinking  proposed  by 
Thuering  is,  from  this  standpoint,  clearly  unsatisfactory, 
since  the  choice  of  a  correct  answer  to  a  question  does 
not  amovmt  to  thinking,  ^.ithout  discussing  here  the 
question,  as  to  v/hether  human«  thinking  amounts  to  the 
performance  of  such  operations  as,  for  examp.le,  the 
demonstration  of  the  theorems  of  geometry,  theorems  of 
mathematical  logic,  translation  from  one  language  into 
another,  etc.,  which  to  date-  can  be  successfully  carried 
out  by  a  machine,  we  only  wish  to  emphasize  that  the 
possibilities  of  simulation  of  thinking  are,  at  the  present 
time,  practically  -limited "to  those  mental  operations  for 
which  it  is  possible  to  find  a  single -valued  system  of 
rules  (algorithms).  On  the  other  hand,  the  development  of 
machines  capable  of  plausible  deductions,  in  the  .meaning 
of  Polya,  and  of  making  correct  decisions  on  the  basis 
of  inadequate  data,  encouriters  up  to  now  insuperable 
difficulties. 

In  fact,  the  "thinking"  machines  operate  not  with 
linguistic  ob.-lectal  values,- not  v;ith  a  language,  but  with 
computation,  that  is  v/ith  a  certain  set  of  rules,  with  a 
,a  formal  system  devoid  of  ob^ectal  tenor,  which  is  evolved 
according  to  the  following  principle- s  a)  an  arbitrary 
"alphabet"  is  prescribed,  b)  initial  "words"  in  this 
alphabet  are  prescribed,  c)  rules  are  prescribed  fox-  the  • 
formation  of  new  "words"  from  'the  .initial*  -As  a  result, 
the  objects,  the  operation  with  which  is  ax^tomated  In 
the  machine,  appear  as  elements  of  prescribed  operations, 
but  within  the  scope  of  perfoi-mance  of  the  machine  their 
objectal  tenor  remains  blank.  In  human  thinking,  on  tlie 
j  other  hand,  the  meaning  of  objects  is  deterriiined  not  only 
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by  logio  correlations j  but  also  by  their  ob^ectal  tenor j  j 
and  by  t?ne  psychological  situation  v;it,h.in  which  are 
developing  the  actions  of  manj-  by  his  intentions  axid 
motives,  by  his  relationship  to  the' problems ,,  etc.  Hence, 
human  activity  in  v/orking  with-anjr  technical  system  con~ 
sists  in  impar-ting  meaning  to  the  signals  delivered  by  the 
machine,  for  the  purpose  of  determining  the  obiectal  tenor 
of  received  information,  and  the  selection,  on  this  basis, 
of  the  required  action.  Since  the; latter  constitutes  the 
main  link  "in  the  vrhole  chain  of  processes,  which  can  not  be 
eliniinated',  many  authors,  on  proposing  mathematical  foi‘mulas 


:0V  the 


‘iterion  of  rational  choice  of  action*',  intro¬ 


duce 'par  araeter's  the  values  of  which  are  determined  by  the 
capabilities  and  potentialities  of  the  acting  man.  The 
rsecessity  of  introduction  of  these,  so  to  speak  psycho¬ 
logical  'parameters  shov/s  that  in  this  instance  also  we 


can  XI ot,  as  vet- 
thus,  in 
the  advances  in 


,  adequately  sim.ulatt5  human  activity, 
summing  up,  it  can  be  said  that  at  present 
simulation  of  psychic  activity  of  man  are 


by 


very  slight f  its  basic  characteristics  are  not  reproduced 
xaachlne  built  up  to  now,.  There  is,'  all  the  more, 
I'line  analogy  for  ■  the  fact  that  in  the 
always  cf  ijKporta'xJ.ce  how  cognizarit  he 


case  of  man 
is  of  his 


commiom  knowledge,  for  exapiple,  that  the 

_  _  _  _  .  .  _ _ _  ♦  ^  _  jt _ _ _  ^  mt  • _ _ 


work.  It  is 

"output"  of  a  person  can  be  greatly  Increased  by  provision 
of  ai'i  appropriate  goal.  But  the  development  of  a  machine 
havi,ug  such  truly  hum.3;n  characteristics  is  apparently 
;)ust  as  difficult  and  rejBOte  as  an  artificial  creation  of 
life  capable  of  producing  a  thinking  and  conscious  being. 


other 

characteristics'  of  machines  which  can  not  be 
by  man.  It  va.s  .stated  hereinbefore  that  there 
lire  many  tblxxgs  which  the  machine  does  better  than  man. 


Of  oo'urse  it  is  easy  to  point  out.,  on  the 
hand,  soi'se 
reproduced 

Bov/ever,  probably  the  most  coxisuxianate  characteristic 
inherent  to  all  machines,  but  not  to  man,  is  the  possi¬ 
bility  of  preservation  of  the  machine  under  the  con¬ 
ditions  v/hen  it  is  not  o'perating  and  :is,  not  sub^lected 
to  exte'x'nal  influences.  Yet  it  is  impossible  to  keep 
.max'i  in  "perfect  order"  under  such  coirditions,. 

It:  Is  well  knovm  for  example  b.ow  man  is  affected 
by  prolonged  isolation  and  compulsary  inactivity.  It  is 
fouTid  that  if  siaxa  is  kept,  xxnder  cojviitions  of  sharply 
reduced  auditoxxy  and  optic  stimuli,  syxaptoms  rapidly  set 
in  of  serious  disturbances  of  his  psychic  state.  There 
develop,  as  is  showi  by  data  cited  iix  the  re'view  article 
of  Hood  I  visual,  £ind  -ixiider  certaih  conditions  a,l.so' 
■auditory  hal.lucinations ,  Man  can  not  with  impimity, 
feel  .nctxiing  and  do  nothing^  he  must  be  -active,.  Ajjd/thls 
c'haractcr.istic ,  of  vxhich  machines  ai’e  i'ully  devoid,  i 

:es  apparentDq/  his  utmost  natvire.  Human  nature  ■  j _ | 
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»an  is  the  product  of  his  historic  development,  pcecdsely~l 
as  a. subject  of  active,  transformant,  conscious  activity,  ' 
as  the  only  true  subject  of  work. 


The  considering  of  man  as  a  particular  link  included 
in  the  system  of  automatic  devices  and  machines,  makes  it 
possible  to  resolve  very  Important  problems  concerning  the 
increased  efficiency  of  the  operation  of  this  system*  In 
conceding  net  only  the  legitimate  nature  of  such  an  ap* 
preach,  but  also  its  necessity,  one  should  at  the  same 
’time  also  emphasize  its  limitations.  The  limitations  of 
such  an  approach  are  due  to  the  fact  that  it  is  abstracted 
from  the  social  nature  of  work  and  from  the  social  nature 
of  man  as  its  subject  —  a  circumstance  that  can  not 
disregarded,  not  only  in  the  working  out  of  the  broader 
theoretical  problems,  but  also  within  the  scope  of  the 
"man-machine*'  problem. 

It  is  precisely  the  disregarding  of  this  circum¬ 
stance  that  has  led  to  the  views  which  consider  the  man 
as  a  mere  link  of  an  autonomous,  in  principle,  complex  of 
machines  generated  by  the  machines  themselves,  of  a  link 
that  still  remains,  in  a  most  vexing  manner,  unreplaced 
by  automatic  devices.  The  changes  of  the  functions  of  man 
in  production,  caused  by  the  course  of  technj.cal  progress, 
are  considered  by  the  proponents  of  these  views- as  an  al¬ 
leged  indication  of  the  occurring  elimination  of  man 
from  the  sphere  of  production.  However,  the  idea  of  a 
progressing  "dehumanizatibn"  of  work  is  actually  only 
reflecting  its  practical  alienation.  Induced  by  domi- 
nancy  of  conditions  of  private  property. 

At  present,  when  study  of  the  "man-machine" 
system  becomes  a  steadily  more  urgent  problem,  the  un¬ 
covering  of  the  actual  correlations  foimd  beyond  the 
correlations  prevailing  within  this  system,  is  especial¬ 
ly  necessary.  It  is  necessary,  in  particular,  in  order 
that 'engineering  psychology  be  in  a  position  to  develop 
not  merely  as  an  ancillary  discipline  of  technology,  but 
as  a  leading  division  of  the  psychology  of  the  work 
activity  of  man. 

An  xmquestionable  ach.leveroent  of  Soviet  psycho¬ 
logical  science  is  the  overcoming  of  the  imilateral, 
naturalistic  approach  to  man,  the  interpretation  of 
human  psychics' as  a  product  of  social-historic  develop¬ 
ment,  In  concrete  investigations'  of  psychic  activity  of 
man  such  an  interpretation  was  realized  for  the  first 
time  by  L.  S,  Vygotskiy  ("Development  of  Higher  Psychic 
Functions",  1960),  This  approach  retains,  of  course, 
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of  5-ts  valus-  also  in  work  psyciiologyj  it  should  be  also 
extended  to  Ixiclude  pr-oblems  of  engineering  pS3^cho,logy<i 
Man  ISj  of  course,  a  natural  being*  However,  as  a  social 
subject  he  exhibits  particular-  characteriwStics  5  which  also 
involves  a  change  in  the  type  of  his  development,  and  of 
the  laws  which  govern  it.  This  is  the  result  of  the  specific 
nature  of  his  activity,  which  resides  in  the  fact  that  it 
is  a  produictive  activity.  Of  such  a  nature  is  primarily  the 
basic  human  activity  —  the  work  activity. 

The  work  activity  of  man  Is  embtcdied  in  its  product? 
it  is  converted  to  the  form  of  subsistence  or  objectifica¬ 
tion  (see,  K.  Marx  "Capital**,  Vol  1,  pp. 187-188).  At. 

the  same  time  in  the  tools  by  means  of  which  it  is  achieved, 
man  acquires  virtually  new  organs,  which,  in  the  words  of 
Marx,  iie  adds  to  the  organ's  of  his  body. 

Thus,  man  appears  in  history  a.s  a  subject  of  work 
activity,  of  a  process  by  means  of  which  he  actively  con¬ 
trols  the  material  Interchange  between  him  and  nature, 
and,  on  setting  his  cognised  goals,  he, effects  predetermi- ■ 
ned  changes  in  the  work  object.  Although  the.  combined 
faculties  which  man  exercises  in  this  connection.  Include 
necessarily  his  physical  force,  the  latter  Is  only  pi'acti- 
cally  realising  in  the  product  of  work  that  aspect  of  this 
process  xsrhich  constitutes  its  psychological  tenor.  In 
other  words,  man  manifests  himself  .in  the  work  activity  as 
a  subject  endowed  with  psychics,  v;ith  cognition.  By  em¬ 
bodying  his  intentions  in  the  work  he  not  only  ovsrco.mes 
the  inertness  of  natural  matter,  creating  tools  and  ma¬ 
chines,  but  overcomes  also  the  "biological  inertness"  of 
his  natural  organs,  of  his  natural  forces  and  faculties.. 
Therefore  the  development  of  man  duriiig  the  progress  of 
the  social-history  proceeds  at  a  rate  which  is 

completely  incommensurable  with  the  rate  of  h.ls  biological 
evolution.  Let  us  consider  this  process  in  somev/hat  greater 
detail. 


.'Every  individual  person  enters  life  under  conditions 
created  by  the  preceding  ge,tierations ,  But  these  cond.itiQns 
are  not,  by  any  means,  a  mere  snvi.r0r4B.tent  .ixi  .relation  to 
man,  to  which  he  must  adapt  himself?  in  the  form  of  ob¬ 
jective  things  and  phenomena,  these  conditions  carry 
within  themselves  the  achievements  of  the  historical 
developBient  of  people,  the  experience  of  social  practice, 
the  combination  of  the  human  faculties  shaped  in  the 
course  of  history.  lii  order  to  live  in  society  man  needs 
more  than  that  with  which  nature  ha.s  provided  him  at  b.irth. 
He  mvist  also  Biastei-  the  experience  gained  in  the  ooitrse  of 
social  history,  which  Is  embodied  and.  ob jecfci.?ied  in  the 
environment  of  the  inunan  world  —  a  wor.ld  of  industry, 
sciences  and  arts.  This  applies  primarily  to  mastering  of  ( 
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I  v/ork  tools,  v/hich  constitute  the  typical,  material  form 
of  crystallization  of  human  activity.  ‘  ' 

A  tool  is  not  merely  a  physical  object  having 
definite  mechanical  properties.  It  is  at  the  same  time 
also  a  social  object j  ap  object  in  which  are  embodied  and 
consolidated  the  ways  of  action  evo3.ved  in  the  course  of 
history  --  the  working  operations , .The  existence  of  this 
social  and  at  the  same  time  ideal  tenor,  crystallized  in 
the  human  tools,  differentiates  them  from  the  "tools”  of 
animals , 


Animals  also  perfor.m  certain  operations  by  means  of 
the  so-called  "tools".  For  example,  it  is-  well  known  that 
monkeys  learn  readily  how  to  make  use  of  sticks.  However, 
the  "tools"  oi''  animals,  'unlike  real  tools,  do  not  become 
lasting  carriers  of  the  means  of  their  utilization.  The 
animals  do  not  keep  their  "tools" j  they  are  not  trans¬ 
mitted  from  one  generation  to  another,  nor  are  they  im¬ 
proved,  Consequently,  there  is  In  animeils  no  process  of 
mastering  of  tools,  of  their  "adoption".  The  use  of  the 
"tools"  does  not  develop  in  them  nev;  faculties;  on  the 
contrary,  the  "tool"  itself  is  subject  to  the  natural 
behavior,  based  upon  Instinct,  within  the  system  of  which 
it  is  included. 

Quite  another  matter  is  the  employment  of  tools  by 
;tan.  In  the  course  of  mastering  of  the  tool,  man  conforms 
his  motions  to  the  socially  developed  system  of  operations 
which  is  materially  consolidated  in  it.  The  tool  causes  a 
rearrangement  of  the  behavior  of  man,  and  develops  new 
faculties  in  man  during  his  life,  Adoption  of  a 

definite  set  of  production  tools  —  says  Marx  --  is 
equivaisnt  to  development  of  a  definite  set  of  faculties 
in  the  individua  themselves"  (K,  Marx  and  F,  Engels, 

Works,  Vol  3)  page  f8). 

The  same  thing  takes  place  when  man  masters  the 
phenvomena  of  spiritual  cultxxre.  For  example,  mastering  of 
a  language  is  the  result  of  those  mental  operations  -which 
have  been,  historically  consolidated  in  its  meanings ,  It 
is  obvious  that  in  the  course  thereof  also  takes  place  a 
mastering  of  the  operations  as  a  result  of  which  is 
realized  the  uniformity  of  the  grammatical  and  phonetic 
system  of  the  given  language. 

Thus,  the  same  as  the  faculty  of  achieving  activity 
with  the  use  of  tools,  the  speech  activity  of  man,  his 
speech-motive  and  auditory  functions,  arise  as  a  result  of 
his  mastering,  in  the  course  of  the  process  of  ontogenetic 
development,  of  the  achievements  of  historical  development 
of  haananity,  embodied  in  the  objective  world  that  surro\mds 
him.. 

The  type  -of  development  inherent  in  man  puts  him  i 
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I  in  &  particular  I'elationship  with  the  world  in  which  he  “"H 
is  living.  Adaptation  to  the  environaient  loses  in  man  its  I 
direct,  biological  character.  The  world  of  liunsan'  objects 
and  phenomena,  which  is  nearest  and  most  Important  to  .man, 
confronts  him  not  as  an  environment  to  which  he  m'ast  adapt 
himself,  but  as  something  ’which  he  makes  his  property,  and' 
by  means  of  which  he. achieves  his  life. 

Thus,  the  development  of  man’s  activity  in  a  society 
is,  in  a  way,  extending  beyond  the  limits  of  his  being. 

This  is,  of  course,  only  a  metaphoric  .expression,  however, 
it  shows  a  moat  important  fact.  This  fact  is,  that  to  man, 
tools  and  machines,  language  and  science,  are  organs  of 
his  activity  of  outward  activity  as  well  as  of  inner, 
mental  activity.  And  this  is  true  to  such  an  extent,  that 
if  man  is  deprived  of  these  organs,  he  is  found  to  be 
fully  devoid’ cf  capability  for  any  human  activity  whatso- 
■e.ver. 


‘On  the  other  hand,  the  removal  of  man  would  convert 
the  world  td'iioh  he  has  created  to  a  mere  oluttei'  of  slov/xy, 
but  unavoidably  decaying  objects;  their  fate  would  be  the 
same  as  the  fate  of  anatomy  organs  severed  from  the  human 
organism.  In  other  vrords,  behind  this  "ready-made"  world 
continues  to  stand  man,  as  its  basically  irremovable 
subject. 

The  relationships  which  we  have-  described  appear 
under  the  conditions,  of  a  class  society  only  as  the  re¬ 
lationships  of  an  abstract,  "integral"  man.  On  the  other 
hand.'  the  real  man  is  found  to  be  facing,  under  these 
conditions,  the  world  of  material  and  spiritual  values 
created  by  mankind  ,  as  an  alien  force  which  subjugates 
him.  These  relationships  become  for  the  first  time  the 
true  relationships  betv/een  men  only  in  our  era,  the  era 
of  consolidatlorA  of  socialistic  communist  society,  which 
liberates  human  labor.  It  is  these  relationships* that 
determine  the  prospective  development  of  human  activity 
and  of  man  himself. 

The  approach  to  man  which  ensues  from  these 
prospects,  alters  substantially  the  nature  of  the  psycho¬ 
logical  problems.  The  work  activity  of  man  -reveals  in  . 
the  light  of  these  prospects  its  full  tenor,  and  appears 
as  the  principal  form-  of  his  activity,  which  is  becoming 
steadily  more  "reintegrated",  and  including  the  diverse 
manifestations  of  human  psychics.  Therefore  the  psycho¬ 
logy  of  v;ork  ceases  to  be  a  specialised  branch  of  psycho¬ 
logy  and  its  theoretical  problems  become  also  the  major 
problems  of  general  human  psychology.  This  also  means, 
however,  that  the  psychology  of  work  can  no  longer  de¬ 
velop  on  the  "butts"  of  psychclogical'  science,  as  was 
the  case  within  the  framework  of  the  former  psychotediuicibgy . 
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Development  of  mechanization  and  automation  is 
iiiecessarily  intellectualizing  the  work  functions  of  man* 
However,  under  the  conditions  of  capitalistic  production 
this  process  is  hampered.  On  the  other  hand,  in  socialist 
society,  where  the  overcoming  of  the  breach  between  bhysical 
and  mental  work  is  becoming  one  of  the  major  social  ]^blems, 
it  acquires  full  freedom  for  its  development.  This  refers 
not  to  a  mechanical  combining  of  external,  practical  activit:/’ 
and  the  inner,  mental  activity,  but  to  their  mergir-g,  to 
their  mutual  permeation.  This  poses  a  psychological  problem 
which  from  the  standpoint  characteristic  of  idealistic 
psychology  is  fundamentally  irresoluble. 

It  is  well  known  that  this  standpoint  is  based  upon 
a  contrasting  of  phenomena  and  processes  of  two  different 
kinds.  One  kind  consists  of  material  processes  and  phe¬ 
nomena,  which  include  also  the  outward  activity  of  man 
and  the  physiological  processes  which  effect  it*  The  other 
kind  consists'  of  the  inner,  subjective  processes  and  phe¬ 
nomena  of  thinking,  imagination,  etc.  It  is  alleged  that 
it  is  solely  they  that  constitute  the  sphere  of  psychics. 

It  is  obvious  that  from  this  standpoint  any  outward  ac¬ 
tivity  is  fully  outside  the  field  of  vision,  of  psycho¬ 
logical  research., ■ 

This  question  Is  being  resolved a  quite  differ¬ 
ent  manner,  from  the  standpoint  which  was  first  developed 
in  orderly  succession  in  Soviet  psychology.  The  differenti¬ 
ation  upon  which  it  is  based  is  differentiation  of  material 
subject,  of  that  objective  reality  with  which  this  subject 
is  interacting,  and  finalljr  of  the  processes  that  effect 
this  interaction.  At  a  certain  stage  of  evolution  these 
processes,  which  have  become  of  infinite  complexity, 
acquire  a  stricture  which  renders  possible  such  an 
"unfolding*'  of  them  In  the  brain  of  the  subject  as  to 
constitute  the  image,  the  psychical  reflection,  of  the 
reality  acting  upon  the  subject. 

Since  these  processes  are,  in  practice,  connecting 
the  subject  with  the  reality  that  surrounds  him,  they  are 
necessarily  subordinate  to  its  objective  characteristics, 
associations  and  relations;  hence,  just  as  necessarily 
are  subordinate  to  them  also  these  reflections  In  the  .brain. 
Only  at  the  still  later  stages  of  development  —  at  the 
level  of  man  —  are  the  processes  vjhich  connect  the 
subject  with  the  surrovinding  reality,  and  which  at  the 
same  time  effect  its  "translation"  into  psychical  re¬ 
flection,  capable  of  acqviiring  also  the  form  of  inner, 
cognizing  activity.  They  remain,  however,. the  processes 
which  effect  the  real  life  of  the  real,  material  subject;  j 
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n;ir.g  a  der-ivate  of  outward,  practical  activity ,  they, 
in  turn,  serve  as  an  interEiediate  to  it.  '  ■  ' 

xhe  theoretical  views  briefly  outlined  above,  fiilly 
eliminate  the  contrasting  of  inner, .  mental  avctivity  and 
the  outward,  practical  activity,  which  is  characteristic 
of  the  obsolete,  idealistic  psychology.  Thus  these  views  • 
open  up  the  way  to  investigation  of  their  actual  inner 
correlations  and  make  it  possible  to  advance  the  hypothesis 
of  a-  fundamentally  common  structure  of  outward  and  inner 
activity  (see  A,  K.  Lepnt’ysv,  -Broblemy  Razyitiya  Psjkhiki- 
[Problems  of  Development  of  PsychiciT,  15^)", 

This  hypothesis  arose  oii  the  oasis  of  experience 
with  analysis  of  developed,  intermediated  by  psychical 
reflection,  forms  of  activity  inherent  in  man*  Such  an 
analysis  requires  the  differentiation  in’  the  complex 
picture  of  the  system  of  human  activity,  taken  as  a  v;hole, 
first  of  all  its  most  general  **units"  —  the  separate 
activities.  V/e  denote  by  this  term  the  complex  combination 
of  processes  united  by  a  common  direction  tovmrd  the 
achievement  of  a  definite  result,  which  constitutes ' at  the 
same  time  the  objective  incentive  of  a  given  activity,  i.e. , 
that  which  concretizes  (in  which  is  "objectivated")  some 
need  of  the  subject.  The  result, to  the  achievesient  of  which 
is  directed  the  activity  of  the  subject  may  be  of  a 
directly  practical  nature,  or  of ‘a  idealistic,  theoretical 
nature.  It  is  evident  that  in  the  former  instance  of  main 
significance  in  the  activity  will  be  outward,  motive 
processes;  in  the  latter  case,  the  inner,  mental  processes. 
In  order  to  determine  the  correlation  of  these  processes 
it  Is  necessary  to  extend'  somewhat  the  analysis. 

Achievement  of  the  result’ indue ijig  some  activity  of 
the  subject,  assmes  the  performance  of  a  number  of  actions 
which  constitute  the  tenor  of  a  given  activity.  These  are 
relatively  independent  processes,  suoordinate  to  a 
cognized  purpose  (if  the  result  of  the  activity  is  cognized 
as  the  ixltimate  goal,  then  the  purpose  of  the  action  is 
cognized  as  an  intermediate  goal) ,  In  contrast  with  the 
activity,  the  actions  correspond  not  to  an  independent 
motive,  but  to  the  motive  of  the  activity  in  the  tenor 
of  which  they  are  included.  The  relative  independence  of 
an  action  is  exhibited  by  the  fact  that  the  same  action, 
can  effect  different  activities;  it  varies  only  in  Its 
motivation  and  in  accordance  with  the  meaning  v/hich  it 
has  to  the  subject.. 

From  the  standpoint  of  the  prob,lem  under  consider¬ 
ation,  it  is  important  to  emphasize  that  actions  can  also 
be  either  outward,  practical,  or  lnne,r  and  mental.  Thus  the 
tenor  of  practfeal  activity  not  infrequently  Includes 


mental  actions,  and  the  tenor  of  a  theoretical  activity _ | 
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(Tay  include  outward  and  practical  actions-  (for  .example ,  *“1 
in  adjusting  a  laboratory  unit  the  investigator  carries  ! 
out  a  practical  actionj  but  it  is  a  part  of  his  theoretical 
investigative  activity;. 

The  third  "unit'’  which  should  be .  differentiated  is 
the  proaedure  by  which  the  action  is  carried  outj  that 
which  we  call  an  operation.  The  operations,  which  in  a  way 
are  the  "technical"  components  of  actions,  are  'also  reia- 
.  tively  independent.  In  effecting' the  action  they  corre¬ 
spond  to  its  conditions  and  not  directly  to  its  ptu*pbs6. 
Therefore  the  same  operations, may  effect  different  actions, 
outward  as  well  aS  inner,  mental.  At  the  same  time  the 
operations  themselves  may  be  inner,  mental  (for  example 
calculations  "in  our  head"). 

Thus  the  structural  units  which  we  have  differ-, 
entiated  can  be,  first,  of  the  form  of  outward  processes 
•as  well  as  of  the  form  of  inner  processes.  Secondly,  they 
can  change  from  one  form  to  the  other;  for  example,  the 
.dir«!Ctly  productive  work  activity  can  include  in  its  tenor 
a  large  number  of  inner  actions,  such  as,'  mental  comparison 
of  ilndicator  readings,  all  kinds  of  computations,  etc.  All 
this  gives  reason  for  asserting  the  common  structure  of 
out\;ard  and  inner  activity.  However,  in  a  deeper  sense 
this  common  nature  is  revealed  only  on  examination  of  the 
genetic  correlations  which  interconnect  the  outward  and 
Iruier  actions  and  operations, 

.  These,  correlations,  as  is  shown  by  present-day 
studies,  are  characterized  by  the  fundamental  fact  that  the 
inner  mental  actions  and  operations  arise  from  the  outward; 
that  they  are  the  result  of  the  process  of  interiorizatibn 
of  the  latter.  V,'e  know  that  the  process  of  interior Izat ion 
had  been  described  by  many  psychologists.  This  process  is 
most  complex  and  we  can  not,  of  course,  undertake  its  i 
detailed  analysis.  We  will  limit  ourselves  to  the  consider¬ 
ation  of  oni^t  two  questions:  the  question  concerning  the 
necessity  which  induces  this  process,  and  the  question  of 
formation  of  mental  actions. 

It  may  be  considered  as  generally  accepted  that  the 
mental,  thinking  activity  is  formed  in  man  during  the  course 
of  his  ontogenetic  development.  However,  up  to  now  this 
process  is  often  visualized  in  an  extremely  simplified 
manner.  It  is  assumed  that  the  thinking,  .logical  processes 
develop  in  man  in  the'  same  manner  as  the  analytic-«yn~ 
thetic  activity  develops  in  higher  animals,  and  that  all 
the  difference  between  them  Is:  first,  that  in  man  the 
thinking  processes  are  formed  under  conditions  of  the 
influence  upon  him  of  phenoraena  of  a  'social  nature,  in- 
cludlng.the  effects  of  speech’--  stialili  of  the  second 
signal  system;  secondly,  that  in  man  this  process  takes  . 

_4>lace  under  the  influence  of  training,  which  presents  to  | 


[  the  learner  a  systeraatlcally  selected  and  properly  corre-^ 
lated  material.  As  a  resxxlt,  due  to  repetition  and  rein¬ 
forcement  of  these  correlations,  there  are  formed  in  him 
such  associations,  combined  into  complex  systems,  the 
actualization  of  which  constitutes  precisely  his  thinking 
activity. 

Notions  of  this  kind,  although  attractive  by  their 
apparent  simplicity,  are  in' manifest  conflict  however  with 
•the  facts.  They ■ conflict,  first  of  all,  with  the  real  rate 
of  progress  of  a  child ‘s  thinking.  Indeed,  the  formation 
of  mental,  logical  processes,  developed  during  the  many 
centuries  of  social-historical  practice  of  mankind,  by  ‘ 
formation  and  generalization  of  correlations,  arising 
under  the  Influence  ofanefven  specially  selected  material, 
would  reouire  many,  many  life-spans.  Actually,  this 
process  tir ogresses  very  rapidly  and  on  the  basis  of  a 
material  incomparably  more  restricted  than  the  minimal 
necessary  for  the  above-described  process. 

A  still  more  serious  difficulty,  encountered  by 
the ■ simplified  scheme  of  ontogenetic  development  of  the 
thinking  activity,  under  consideration,  is  the  fact  that 
it  is  possible,  for  example,  fairly  readily  to  develop  In  a 
child  associative  correlations  of  the  type  3  +  4  =  7,  but 
a  correct  actualization  of  these  correlations  by  a  child 
is  not  at  all  an  evidence  that  he  has  mastered  the  arith¬ 
metical  operation  of  addition}  it  may  be  found  that  he 
can  not  count  at  all.  The  gist  of  the  matter  is,  that  it 
is  not  the  operation  of.  addition. which  is  the  product  of 
these  correlations,  but  Just  the  opposite  --  these  corre¬ 
lations  are  the  products  of  mastering  of  this  operation* 
Therefore  the  teaching  of  addition  never  starts  with  a 
learning  of  tables  of  addition,  nor  does.  1^  consist  in  it* 
The  child  is  taught  to  perform  the.  operation  of  addition, 
that  is,  this  action  is  actively  developed  in  the  child. 

It  is  only  subsequently,  as  a  result  of  a  complex  process 
of  transformation  of  this  action  in  the  child's  head,  that 
he  develops  the  apparently  elementary  associations  of  the  ' 
above- stated  type. 

But,  how  can  a  mental  action  be  formed  ?  The. 
corresponding  process  must  uridergo  formation  in  the  child's 
head,  but  as  previously  stated  this  can  nqt  take  place  by 
Itself  under  the  influence  of  those  objective  phenomena  to 
which  this  process  corresponds.  For  example,  the  influence 
of  empirical  sets  can  not  bring,  aboiit  the*''formation  of 
mental  computation.  Mental  actions  can  be  formed  only  by 
means  of  mastering  the  historically  evolved  actions.  In 
other  words,  the  actions  must  be  actively  built  in  the 
child,  and  in  every  man,  by  the  surrounding  people,  But 
to  build  directly  a  mental  action,  that  is  an  action  the  | 
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sssential  teno::*  of  v/hich  consists  of  processes  taking  | 
Tilace  in  the  head,  is  impossibles  such  an  action  can  .  ’ 
neither  be  shovm  nor  seen.  Therefore  tVi.e  only  possible 
way  to  tejich  a  rientai  action  Is  first  to  prod\ice  this 
action  in  the  form  of  an  outward  action,  with  objects  which 
are  also  outv/ard,  and  then  to  transform  it  into  an  inner 


action. 


Thus,  the  mental  actions  and  operations  are  onto- 


genetically  formtJd  a.s  a  result  of  . a  mastering  of ‘them, 
which  is  possible  only  If  they  are  presented  in  an  outward 
form.  This  is  precisely  why  the  e,Ki3tence  of  a  specific- 
process  of  interiorisation  is  nectissary. 

To  date  the  path  over  which  stakes  place  the  trans¬ 
formation  of  the  outv/ard  actions  into  inner  actions  has 
been  studied  in  sufficient  detail  (.see  P,  Va.  Gal'perin 
"Development  of  Investigations  on  the  Formation  of  Mental  • 
Actions"  in  the  symposium  Ps Udiologlche skaya  Nauka  v  btiSR 
[Psychological  Science  In  tfe"'"US^rj ,  VS  1,  M'oscow^pT^"5^T'r 

The  process  of  inter lor izat ion  is,  however,  only 
one  of  tlie  characteristic  aspects  of  the  correlations 
between  outwai’d  and  inner  activities.  The' other  aspect  is 
ejchlbited  in  a  process  taking  place  in  the  opposite  di¬ 
rection,  in  ‘  the  process  of  e  jbfce  r  i  or  i  za  t  i  on . 

A  very  important  characteristic  of  mental  tictions 
and  operations  resides  in  the  fact' that  they  are  capable 
of  changing  from  their  inherent,  concise  and  abridged  form 
into  an  unfolded  and  outward  form.  This  kind  of  inverse 
transformation  of  them,  which  is  soKetime.s  total  and 
sometimes  incomplete,  is  well-known  and  constantly  ob¬ 
served,  for  exataple  in  cases  when  difficulties  arise 
which  ma'ke  it  necessary  to 'verify  the  action  while  looking 
at  it  (the  solving  of  a  mental  problem  "with  pencil  in 
hand",  by  drawing  a  diagram,. '‘etc,)..  The  main  thing,  however, 
is  that  the  transformation  of  mental  processes  into  an 
unfolded  outward  fbim  provides  the  possibility  of  their 
embodiment  in  practical  activity,  and  of  their  crystal- 
l.ization  in  tools' and  machines,  which  are,  according 'to 
Marx,  "the  man-made  organs,. of  human  brain". 

Thus  the  correlation  between  -outward  practical, 
and  inner  theoretical  activity  of  man  is  characteu-’lzed  not 
only  by  the  fact  that  the  separate  "units",  which  form 
their  tenor,  are  capable  of  moving  from  one-  kind  of 
activity  into  the  other,  but  also  by  the  .fact  that  they  ■ 
are  capable  of  mutual  transformation.  The  signi,ficance 
of  these  mi.j,tual  transitions  and  mutual  transformations  was 
hidden  by  the  chasm  which,  in  the  old  society,  separated 
physical  and  mental  work.  This  separation  appeared  to  be 
permanent  and  fundamentally  insuperable ,' hence  the  psycho¬ 
logical  study  of  mental  processes  was  also  divorced  from  | 
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their  live  connection  with  outward  practical  activity* 
For  this  reason,  it  is  most  pertinent  at  the  present  time 
to  develop  further  the  study  of  concrete  correlations, 
which  connect  thought  and  workj  “head  and  hands*'*  In  our 
epoch  of  convergence  of  mental  and. physical  work,  it  is 
almost  important  psychological  problem. 


The  problem  of  “inan  and  machine'.',  which  has  become 
the  center  of  attention  in  modern  psychology  of  work,  is 
not  only  a  practical,  but  also  a  theoretical  problem  con¬ 
cerning  the  correlations  between  the  processes  effected 
by  mach,ines,  on  the  one  hand,  and  by  human  activity,  on 
the^ other*  From  the  standpoint  of  man  taking  part  in  the 
pirocess  of  production,  even  the  most  modern  machiiies, 
including  those  provided  v;itb  automatic  control  devices, 
a.re  merely  a  technical  means,  a  method  of  ef.fectuaticn  of 
productive  activity,  Man  consigns  to  them  a  vast  mimber 
of  functions  vrhich  in  their  combined  complexity  are 
teyond  his  power.  These  functions,  however,  are  created 
by^man,  and  in  this  sense  they  are  transformed  and  ob¬ 
ject  ivated  human  functions. 

As  was  stated  before,  any  operations,  regardless 
whether  outward-motive  or  mental,  are  parts  of  the  tenor 
‘of  action  a.s  means  of  its  effectuation.  On  the  basis  of 
their  origin  they  are  transformed  actions.  This  trans¬ 
formation  occurs  when  an  action  becomes  a  part  of  another 
action  which  is  more  complex  and  may  be  termed  a  “higher" 
action,  in  relv'ition  to  the  first.  As  a  result,  a  formerly 
relatively  independent  action. is  gradually  “algorithmized" 
and  “automated".  Thus,  for  example,  the  formation  of  a 
motive  technicue  (motive  skill)  begins,  as  we  know,  with 
Its  mastering  "in  the  form  of  a  cognizably  performed 
action.  Then  this  acticn  is  included  3n  a  more  complex, 
integral  action,  w.lthin  which  it  acquires  the  final 
“finish",  after  which  it  is  performed  "more  or  less  auto¬ 
matically.  In  the  same  manner  are  also  formed  all  mental 
operations,  with  the  only  difference  that  .in  this  case 
the  initial  acoion  also  undergoes  interiorization. 

Figuratively  speaking,  the  for.mation  of  an  oper¬ 
ation  is  the  dying  of  a  formerly  creative  action.  In  the 
cneration  ai’e  retained  and  become  fixed  only  those 
structrvrai  correlations'  of  an  action  which  reprodxuje  the 
objective  correlations  of  the  objectlval  conditions  of 
its  uerformance.  These  objective  correlations  are  not, 
of  course.  i,-)gychological-,  that  is  the,  very  reason  why' 
thev  can  fje' embodied  in  £tn  objective  form,  in  the  form' 
of  o'biective  nroducts  of  human  activity,  and  separate  i 


[from  mail.  Tims  t^hey  acquire  their  own  ob;5ective  existence  1 
and  development.'  ^  . 

Such  are.  all  hxaaan  tools,  in  which  are  crystallized 
the  work  operations^  stich  are  the  words  of  a  limguage, 
which  carry  within  their  meanings  the  mode  of  their  usage.j 
such  are.  finally,  the  laws  and  formulas  of  logic  and 
mathematics. 

Bo  the  technical  devices  of  cybernetics  constitute 
an  exception  in  this  respect  ?  They  are  capable  of  per¬ 
forming  any,  even  the  most  complex,  mathematical  and  logic 
operations,  Man  can  convey  to  the  machine  diverse  functions 
of  his  brain,  on  the  condition  however  that  they  are 
fadaptable  to  formallzatlonj  otherwise  they  can  not  be 
technically  simulated.  But  the  functions  which  meet  this 
condition  are  nothing  but  operations;  they  are  processes 
which  have,  already  been  formalized,  "technicized" ,  so  to 
speak,  in  the  brain. 

One  often  speaks  of  machine  activity,  of  actions 
performed  by  the  machine,  A  description  of  the  work  of 
machines  in  these  terms  is  justified  by  the  fact  that  the 
system  of  processes  which  they  effectuate’  appears  to  be 
fully  coincident  with  the  human  action  which  this  system 
is  simulating.  Indeed,  if  we  consider  as  the  "unit*'  of 
action  analysis  an  operation  (or,  all  the  more,  some  unit 
differentiated  on  more  detailed  analysis),  we  can  obtain 
as  a  result  their  full  mutual  superposing.  The  fact  is 
that  operations,  as  we  had  emphasized  hereinbefore,  do 
not  add  to  the  tenor  of  an  action,  but  form  its  tenor. 

In  other  words,  on  mentally  subtracting  from  the  action 
the  operations  which  effectuate  it,  we  exhaust  thereby  all 
of  its  tenor.  There  remain  only  the 'cognizance  of  the 
purpose  of  the  action,  its  motivation  and  its  meaning  to 
the  subject,  which  denend  upon  the  activity  which  he 
carries  out,  and  the  respective  "emotional  sign"  of  the 
given  action  —  all  that  which  constitutes  its  "psycho¬ 
logical  remainder"  and  imparts  to  the  action  a  live, 
predilected  charricter. 

Thus,  the  machine  reproduces  not  the  action,  but 
only  a  system  of  operations  which  constitute  its  tenor. 

Does  this  put  a,  limitation  to  machine  capabilities  ?  We 
believe  that  this  question  should  be  separated  into 
parts.  If  we  are  talking  about  the  capability  of  a  ma-  f 

chine  to  cognize  the  purpose  and  meaning  of  the  action, 
of  actively  to  differentiate  these  purposes  in  accordance 
with  requirements  and  motives,  then  in  the  framework  of 
nonliving  matter  the  answer  to  this  question  must  be 
negative.  On  the  other  hand,  if  we  are  considering  the  po¬ 
tentialities,  of  the  machine  to  effectuate  all  of  the 
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1  these  potentialities  are  bormdless  and  ericotapass  also  1 
processes  vjhich  are  far  beyond  the  scope  of  the  known 
operations. 

This  contention  is  by  no  .taeans  in  conflict  with,  the 
proposition  that  only  operations  can  be  technically  simu¬ 
lated.,  We  have  .mentioned  before  that  operations  are  the 
product  of  transformation  of  the  action,  occur  .ring  w.ider 
the  conditions  of  it.s  inclusion  as  a  component  into  a  more 
cQraple.x,  ’’higher"  action.-  Consequently,  that  which  today 
appears  in  human  thinking  as  a  creative  action  which  can 
not  be  fomalized,  may  tomorrow  become  an  operation,  Kenoe 
there  are  also  no  boundaries  which  limit  the  development 
of  more  and  more  "intelligent"  machines.  We  should  only 
.abandon  that  approach  to  11.13  problem  which,  while  boldly 
extrapolatin,g  into  the  fut^ire  the  feeclmlcal  developments, 
regards  at  the  same  time  the  mental  potentialities  of  man 
a-5  stationary  and  not  developing.  When  man  consigns  to 
the  machine  the  performance  of  operations,  he  is  not  mei’ely 

V  unloading  his  brain.  The  machine  is  a  means  of  work,  a 

"conductor"  of  human  activity  and,  like  any  means  of  voi'k, 
it  provid6,s  him  vrlth  equipment*  Therefore,  when  man  dele¬ 
gates  his  functions  to  "the  machine,  the -machine,  in  turn, 
is  in  a  w'ay  imparting  to.  man  the  .functions  which  it  ful¬ 
fills,  For  example,.  In  utilizing  a  computer  for  processing 
of  necessary  data,  man  is  not  only  consigning  this’  function 
■  to  the  machine*  By  utilizing  the  results  of  its  func- 
tiohing,  man  w.idens  his  mental  capab.tiiti®s,  can  so.lve 
problems  which  could  not  be  solved  without  employment  of 
the  macihine.  At  the  same  time,  the  frmctions  which  .man 
consigns  to  the  machine  are  not  merely  reprod,'aced  by  it, 
but  are  greatly,  accelerated,  become  more  comp.lex  and 
widen  their  limit  a.  Also,  that  which  the  m-achin©  con¬ 
tributes  by  Its  work  to  human  activity,  brings  about  t.h© 
formation  of  new  faculties  in  man,  of  nev;  .functional 
systems  of  his  brain,  vihich  constitute  "mobile  physio¬ 
logical  organs"  (Ukhtomskiy)  of  these  factilties. 

In  psychology  of  work  activity  of  m-an  these  circum- 
stances  are  of  Importance  because  thej'-  emphasiae  the 

*  significance  not  only  of  the  problem  of  ad.apt-atlon  of  the 
machine  to  man,  but  also  ©f  the  problem  of  active  for- 

.  mation  of  psychical  faculties  of  man  in  accordance  with 

•  the  demands  made  upon  him  by  technical  progress,  and  with 
the  potentialities  which  it  affords  him. 
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